One hundred and twenty-six patients undergoing upper and lower abdominal surgery were studied after operation to compare the analgesic effects of l.m morphine, sublingual buprenorphine and self-administered 1 v. pethidine by Cardiff Palliator There were no significant differences between analgesic regimens in respect of subjective linear analogue pain scores or static and dynamic lung volumes assessed at 24 and 48 h after operation and 5 days after operation in patients who underwent upper abdominal surgery. Sublingual buprenorphine produced more nausea and sedation than the other two treatments, but the differences were not clinically important However, it offered considerable advantages m terms of ease of administration.
l.m. analgesic drugs given continually on demand are generally regarded as providing inadequate control of pain for patients in the period after operation (Keeri-Szanto and Heaman, 1972) , probably because of the intermittent nature of drug administration, in addition to variability in rates of absorption, and perhaps a failure of medical and nursing staff to recognize the patient's need for analgesia.
Two recently described anajgesic regimens may obviate these problems. Chakravarty and his colleagues (1979) described the safe and effective use of a patient-controlled i.v. analgesic apparatus (the Cardiff Palliator) to relieve pain following upper abdominal surgery, but did not compare its performance with an i.m. regimen. Nonetheless, this apparatus has since been marketed commercially, calibrated for use with pethidine and with instructions describing the clinical use of the equipment. However, it seemed to us that there is a need for a "field trial" of this equipment despite the obvious difficulties of undertaking a comparison of selfadministered analgesic with intermittent i.m. administration.
Buprenorphine, a potent synthetic analgesic, achieves higher opiate receptor occupancy of long duration. The slow dissociation constant of the drug-receptor complex permits a prolonged drug effect in the presence of low plasma concentrations (Bullingham et al., 1980) . Fry (1979) buprenorphine administered sublingually on demand provided good analgesia in patients following lower abdominal surgery. A regular sublingual dosage regimen of buprenorphine would appear to take maximum advantage of the long duration of action, its ease of administration, and its low potential to produce respiratory depression. Such a regimen has not been described previously in the treatment of pain after operation. This study was therefore designed to answer two questions as economically as possible: first, does the Cardiff Palliator provide superior analgesia to conventional i.m. analgesia when used for the tame duration in a routine postoperative surgical ward in which there has been minimal alteration in ward nursing routine? (This is the first "field trial" of this equipment.) Second, does sublingual buprenorphine provide analgesia comparable to that obtained by conventional analgesia?
METHODS
Patients included in these studies were all selected from a single complex containing both gynaecological and general surgical patients under the care of either two consultant gynaecologists or two consultant surgeons. The studies were confined to three standard surgical procedures: cholecystectomy, hysterectomy or herniorrhaphy. All patients were in the age range 18-65yr, and only those devoid of significant respiratory or cardiovascular dysfunction and within 10% of expected body weight were included in the study. No patient was receiving analgesic or sedative drugs routinely at the time of hospital admission. After giving informed con-© The Macnullan Press Ltd 1982 sent, patients undergoing cholecystectomy were allocated randomly to one of the three analgesic regimens under study. In order to obtain the maximum number of patients for comparison purposes, patients undergoing herniorrhaphy were allocated to only one of two groups, conventional i.m. morphine and buprenorphine for postoperative analgesia. Similarly, patients undergoing hysterectomy were allocated to receive either conventional i.m. morphine or self-administered pethidine by Cardiff Palliator. Because only one Palliator was available for use in these studies, hysterectomy patients were randomly chosen according to non-utilization of the Palliator for cholecystectomy patients. This yielded a total of only 20 hysterectomy patients in a 15-month period, and these patients were then matched against 20 patients obtained by computer from a bank of hysterectomy patients under investigation for other studies, matching age, weight and height. It is unlikely that this process would be likely to induce bias either towards conventional analgesia or towards self-administered analgesia, as all patients had agreed to enter this investigation with a 20-30% chance of being offered the Palliator for pain relief after operation.
Each patient received diazepam 10-20 mg orally 1 h before surgery, and anaesthesia was induced with thiopentone and maintained by nitrous oxide in oxygen and neuromuscular blockade, supplemented by morphine, buprenorphine or pethidine according to the mode of postoperative analgesia. After operation patients received one of the three analgesic treatments under study: (1) buprenorphine 0.4 mg sublingually 6-hourly; (2) morphine 10 mg i.m. on demand according to the usual practice of the ward nursing staff; (3) pethidine i.v. by the patient-controlled apparatus (the Cardiff Palliator).
Pulmonary function testing was carried out on all patients before operation and on the 1st and 2nd days after operation and also on the 5th day in those patients undergoing cholecystectomy. Measurements were made using the Gould Godart pulmonary function laboratory and included functional residual capacity (FRC), forced expiratory volume in 1 s (FEV, 0 ) and peak expiratory flow rate (PEFR). All patients received the instruction and practice in performance of the tests which were always carried out with the subject in a sitting position using a well-fitting mouthpiece and noseclip.
In the period after operation linear analogue pain scores were recorded by each patient at the time of pulmonary function testing. Linear analogue scores for sedation and nausea were obtained also.
Measurements were made in the postoperative period at approximately 24 and 48 h after operation, and also at 5 days after operation in the cholecystectomy group. Because of the considerable variation in the duration of action of the three different modes of administration of analgesic, it was not possible to specify these assessments at a specific time in relationship to the administration of analgesia, but it was ascertained at the time of testing that the patient was not more uncomfortable subjectively than he or she felt in the preceding 2-4 h.
Those patients who had been allocated to receive the patient-controlled i.v. analgesia apparatus were instructed in its use during the preoperative interview.
Thus, three groups of patients were studied: group A = 48 patients undergoing cholecystectomy allocated randomly to receive one of the three analgesic regimens; group B = 38 patients undergoing inguinal herniorrhaphy allocated randomly to receive either buprenorphine or morphine; group 2.9 ±0.6 C = 20 patients undergoing total abdominal hysterectomy allocated to receive pethidine by Cardiff Palliator and compared with 20 patients matched for height and weight who had received conventional morphine analgesia for pain after operation.
After 48 h in both the hysterectomy and herniorrhaphy patients, an attempt to obtain an assessment of the overall quality of postoperative analgesia was obtained by asking the patient to complete a simple questionnaire. This comprised three questions: (1) "How satisfied were you with your analgesia?" Answer: Totally dissatisfied; moderately dissatisfied; moderately satisfied; totally satisfied. Linear analogue scores were anlysed using the Wilcoxon rank sum test. Other data were compared statistically using either Student's t test or % 2 tests as appropriate. P<0.05 was taken as an indication of statistical significance.
RESULTS
Analysis of the data revealed no significant differences within groups in respect of age, sex, height or weight (table I) . There were no significant differences between treatments within each of the three groups in respect of linear analogue pain scores (table II) , or pulmonary function measurements (tables III-V).
In group A patients undergoing cholecystectomy, mean linear pain scores were in the range 3.3-4.3 on day 1, and in the range 2-3 on day 2. Changes in FEVi o exhibited the greatest decrease on the 1st day after operation to approximately 50% of the value before operation. This increased to 60% on day 2, and to 75% of the postoperative values by the 5th day after operation (table III) . The pattern of changes in FRC was similar, but of lesser magnitude. The greatest decrease occurred on day 1 to 75% of the preoperative value, increasing to 80% on day 2, and to 90% by day 5 (table IV) . Similar changes occurred in peak expiratory flow rate (table  V) .
In group A, the linear analogue scores for sedation were significantly greater for buprenorphine in comparison with morphine on day 2 (P< 0.025) and also with both morphine (P<0.05) and pethidine (P < 0.01) on day 5 (table VI). In the buprenorphine group the score for nausea on day 1 was greater than that in the pethidine group (P < 0.01) (table VII). In group B patients undergoing herniorrhaphy, pain scores were significantly lower than in the cholecystectomy group on day 1, and there was less impairment of pulmonary function (tables III-V). The frequencies of side-effects for morphine and buprenorphine (tables VI-VII) were not significantly different.
In group C pain scores were intermediate between those of groups A and B, as was the impairment of pulmonary function. There were no differences between morphine and self-administered pethidine in the frequency of side-effects.
Pulmonary function measurements expressed as a percentage of their respective values before operation exhibited a significant negative correlation with linear analogue pain scores. For all patients on day 1, the correlation was better for both PEFR ( r =-0.245, P<0.01) and FEV, 0 (r=-0.211, P<0.05) than for FRC(r=-0.184, P< 0.05).
There was no significant difference between the frequency of postoperative chest infection, as diagnosed by the primary medical attendants, occurring in the cholecystectomy group of patients for any of the three groups (buprenorphine, three patients; pethidine, one; morphine, two). Additionally, there were no significant differences in the response to the patient questionnaire between the analgesic regimens for each operation (table IX) . DISCUSSION This study demonstrates that regular sublingual buprenorphine, well conducted conventional i.m. morphine and i.v. pethidine infusion from a patientcontrolled apparatus, afforded a similar degree of analgesia.
Management of the extent of pain relief induced by drugs is notoriously difficult and a rigid comparison between drugs requires a double-blind compari- son when subjective modes of assessing analgesia are used. However, this invariably affects medical and nursing activities and alteration in postoperative routine management may modify analgesia. In this study alteration in ward activity was kept to the minimum and although subjective linear analogue scores were used, we have compared the results with a more objective assessment in the form of respiratory function tests. However, the subjective visual analogue score was found to be both accurate and repeatable in obstetric patients (Revill et al., 1976) and has been generally accepted as a reasonable test for severe pain (Rosen, 1977) . The scores obtained here are similar to those reported elsewhere in patients receiving selfadministered pethidine and buprenorphine after upper abdominal surgery (Chakravartyetal., 1979) . FEV, 0 is known to be a more sensitive parameter of respiratory function than FRC in response to pain (Rosen, 1977) and FEV, 0 as a percentage of preoperative values has been acknowledged as the most sensitive respiratory parameter (Bromage, Camporesi and Chestnut, 1980) . In this study, we found that visual analogue scores exhibited the best correlation with PEFR and confirmed that the correlation with FEVi o was slightly better than that for FRC (expressed as % of values before operation).
When comparing analgesic drugs it is important to apply assessment at similar periods with respect to analgesic plasma concentrations. When drugs have comparable duration of action, this is achieved easily by obtaining measurements at fixed times following administration, but this was not possible in the present study. In addition, it was not possible to specify a time of assessment exactly 24 h after operation, as this may bear no relationship to comparable periods of analgesia. The device we adopted, therefore, was to approach the patient at approximately 24 h after operation and the patient was asked if he felt at that moment as comfortable as within the previous 2-4 h. If the answer was in the affirmative, assessment was undertaken. We hoped that, by utilizing this timing of assessment, there would be a random distribution of time of assessment with respect to time of the immediately prior injection for administration of analgesic. In every instance the answer was in the affirmative, which should indeed have produced random scatter of timings. In addition, if this aspect of our assessment were likely to introduce any bias, it would seem most probable that the bias would be pro-Palliator and against intermittent i.m. injections. Nonetheless, it should be recognized that this is only an assessment of a brief period of time during the whole of the postoperative period. The measurement of FEV, o/FVC represents an index of the amount of pain experienced at the exact moment of testing, whilst there is an indication that FRC changes may be representative of the overall quality of pain relief. This is suggested by the finding of Spence and Logan (1975) that, after cholecystectomy, FRC changes were less impaired with 4-hourly morphine than with less frequently administered morphine on demand. However, the differences were small as FRC changes are possibly affected only to a small extent by pain and to a large extent by such conditions as pneumoperitoneum. Therefore, in an attempt to supplement the assessment of the overall 48 h "package" of postoperative analgesia, we applied a simple patient questionnaire at the end of the study (2 days for hernia and hysterectomy, 5 days for cholecystectomy). The accuracy of linear analogue pain scores has been demonstrated only in terms of pain appreciated around the time of its application, therefore it did not seem acceptable to ask patients to score maximum and minimum pain at the time of testing.
It is important to note that patients in our study given conventional "on demand" i.m. analgesics by the nursing staff received larger doses of morphine than may be administered in other surgical units. This is reflected by the finding that the total dose of morphine given to patients following vagotomy and pyloroplasty in the study by Alexander, Parikh and Spence (1973) was 46.7 mg (mean) in comparison with a 48 h dosage of 67.8 mg (table VIII) following cholecystectomy in our study. The amount of systemic analgesia given is known to have a bearing on postoperative respiratory function. Thus, Alexander, Parikh and Spence (1973) found that morphine 10 mg 4-hourly produced marginal improvement in vital capacity in comparison with morphine "on demand".
The amount of pethidine self-administered by the patients in our study was similar to that selfadministered by patients in the study by Chakravarty and colleagues (1979) . In the latter study, 595 mg of pethidine (mean for 15 patients) was given in patients undergoing upper abdominal surgery in comparison with 649 mg in this study (table IX) . Thus, it would appear that the self-administration system, when utilized in a "normal manner", does not provide analgesia superior to that obtained by either sublingual buprenorphine or well adminis-tered conventional i.m. morphine analgesia. However, there may be greater fluctuations in plasma pethidine concentrations than anticipated.
Since Stapleton, Austin and Mather (1979) demonstrated that, on cessation of a continuous i.v. infusion of pethidine, the plasma concentration may decrease to a subanalgesic value in as short a period as 2.5 h, in the 48 h period of this study, a decrease to subanalgesic concentrations may have occurred, for example during sleep. This problem might be obviated by a more sophisticated apparatus, such as that described by White, Pearce and Norman (1979) , which provides a background continuous infusion in addition to a patient-operated supplement.
The frequency of side-effects with buprenorphine reported in previous studies has varied . Hovell (1977) observed more sedation with buprenorphine in comparison with pethidine, whilst Kay (1978) reported a similar trend when compared with morphine. Downing, Leary and White (1977) found no difference in side-effects on comparing buprenorphine with morphine. In our study, linear analogue scoring of side-effects revealed greater sedation and nausea with buprenorphine only in the patients undergoing cholecystectomy. However, the difference in scores was small, and although statistically significant, did not appear to represent a clinical problem. Differences in levels of sedation may be the result partly of the regular dosage schedule of buprenorphine throughout the 48-h period when administration of the other two analgesics was becoming less frequent (table VIII). The increased degree of nausea experienced in the buprenorphine group may also be explained partly by the lower dosage of prochlorperazine administered. In our hospital it is standard nursing practice for prochlorperazine to be administered routinely with parenteral doses of morphine, but this routine was not followed with unfamiliar modes of analgesia.
The object of this study was to see if, in a routine postoperative surgical ward with minimal interference with nursing activities, the use of the Cardiff Palliator would be associated with better postoperative analgesia than that accompanying conventional i.m. analgesia, and in addition, if the use of buprenorphine with its long receptor occupancy produced improved analgesia. However, it appears from our results that there was little difference in the degree of analgesia achieved by the three techniques. It is concluded that the Cardiff Palliator is unlikely to achieve a role in the routine management of postoperative pain on the grounds of expense (cost > £1000), failure to achieve superior analgesia (with pethidine), and the necessity to maintain a patent i.v. infusion cannula. This statement requires qualification to the extent that in the present study we used pethidine because the apparatus is supplied by the manufacturer calibrated for use with this drug. Assessment of the extent of analgesia achieved using the same drug by both apparatus and conventional administration would be required before denying any possible advantages existed with apparatus administration. In contrast, however, buprenorphine achieved analgesia comparable to the other two regimens and also exhibited several important administrative advantages. It was dispensed on the regular ward drug round (6-hourly), is not governed by Controlled Drug Regulations, and the route of administration is non-parenteral. 
SUMARIO
Se estudiaron ciento veintiseis pacientes despues de someterles a intervenci6n quirurjica de la parte superior e inferior del abdomen, con el fin de comparar los efectos analgesicos de la morfina intramuscular, de la burprenorfina subhngual y de la petidina ultra venosa autoadministrada mediante el Cardiff Palliator. No se presentaron diferencias signifirativas entre los diversos regimenes analgesicos, en lo tocante a las puntuaaones de dolor de la analogfa lineal subjetiva ni de los volumenes estaucos o dmamicos evaluados despues de transcurridas 24 h y 48 h de la intervenci6n, asi como despues de 5 dias de esta, en los pacientes someudos a mtervencidn quirurjica de la parte superior del abdomen. La buprenorfina subhngual produjo mis niusea y sedaci6n que los otros dos tratamientos aunque las diferencias no tenian importancia climca. Sin embargo ofreci6 considerables ventajas en lo relativo a una admirustracion mis facil.
